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SUMMARY 
The objective of Rapid Catchment Appraisal (RCA) is to assess the condition of, and future 
risks to, agricultural and natural resources within regional geographic catchments.  The 
process also attempts to identify the most suitable options to manage the risks.  
• The Upper Pallinup area covers 319,164 hectares, within the north-western bounds of 
the South Coast Region of Western Australia and begins about 90 km north of Albany.  
It includes the shires of Gnowangerup, Tambellup, Albany and Jerramungup.  Farming 
accounts for 93.7 per cent of land use in the study area and is dominated by cropping 
and pasture rotations.   
• The climate is Mediterranean with cool wet winters and dry warm summers.  Annual 
rainfall varies from 450-500 mm in the south-west and south-east, to 350 mm in the 
north-east.  
• Precambrian basement rocks (>600 million years old) underlie the entire area.  
Numerous dolerite dykes have a south-east to north-west direction and numerous 
shear zones and faults occur in the Archaean rocks.  
• There are 46 different soil groups within the study area.  The three most common are 
grey deep sandy duplex, alkaline grey shallow sandy duplex and grey shallow sandy 
duplex.  Many soils are susceptible to waterlogging, subsurface compaction, 
subsurface soil acidity, wind erosion, water erosion and water repellence. 
• The groundwater systems are local to intermediate.  The hydrological landscape is 
closely related to the degree of landscape dissection.  Wetlands occur as a mixture of 
fresh to brackish sumps and as salt lakes. 
• Approximately 5.5 per cent of the Upper Pallinup area has consistently low production, 
related to salinity and waterlogging.  Land Monitor data indicate that up to 21 per cent 
of the area is low-lying valley floor that has a variable salinity risk rating, the greatest 
risk being for moderately dissected and very gently undulating landscapes. 
• The study area retains only 13 per cent of its original native vegetation cover.  This 
vegetation contains 21 species of declared rare flora and 12 species of priority flora.  
Approximately half of the remnant vegetation occurs on reserves managed by the 
Department of Environment and Conservation, and the Gnowangerup, Tambellup and 
Jerramungup Shire Councils.  The remainder is fragmented over farmland. 
• A range of management options for reducing land degradation risks is discussed. 
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1. INTRODUCTION 
Increasing dryland salinity, waterlogging, nutrient export, soil erosion and other forms of 
degradation cause serious environmental problems in Australia.  Soil and water quality 
degradation on farmland reduces agricultural production and damages agricultural land, 
public infrastructure and natural resources such as remnant vegetation, waterways and 
wetlands. 
The objective of Rapid Catchment Appraisal (RCA) is to assess the condition of, and future 
risks to, agricultural and natural resources within regional geographic catchments.  The 
process also attempts to identify the most suitable options to manage the risk.  
This report has been prepared by the Albany Catchment Support Team which contains 
representatives from relevant government departments.  It summarises current information 
for the Upper Pallinup area. 
1.1 Study area 
Shannon Sounness 
The Upper Pallinup area covers 319,164 hectares within the north-western bounds of the 
South Coast Region of Western Australia from about 90 km north of Albany (Figure 1.1).  It 
covers the majority of the Gnowangerup Shire area although the Gnowangerup townsite falls 
outside of the Upper Pallinup boundary.  The western boundary takes in a proportion of the 
Tambellup Shire where the drainage system flows into the Pallinup River.  The southern 
boundary takes in the northern perimeter of the eastern end of the Stirling Range National 
Park and the City of Albany boundary.  The eastern part overlaps slightly with the Shire of 
Jerramungup. 
The area is a broadacre agricultural zone that also includes nature reserves and unallocated 
Crown land.  It includes the upper reaches of the Pallinup River system.  The subcatchments 
are Mills Lake, Ongerup, Upper Warperup, Peedilup, Peerup, Coromup, Upper Peenebup, 
Lower Peenebup, Monjebup, Nalyerlup, Woolaganup, Moana, Martaquin, Six Mile, 
Andersons Lake, Waikelongup Flat and Kybelup Plain. 
Three major sealed roads traverse the area: Chester Pass Road to the north from Albany; 
the east-west Gnowangerup-Jerramungup Road; and the Formby South Road which links 
the Chester Pass Road in the Stirling Range National Park to the Gnowangerup-
Jerramungup Road south east of Gnowangerup.  The main towns within the study area are 
Borden and Ongerup. 
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Figure 1.1. Upper Pallinup study area. 
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2. NATURAL RESOURCE BASE 
2.1 Climate 
John Grant, Senior Technical Officer 
The climate for the Upper Pallinup catchments is Mediterranean with cool wet winters and 
dry warm summers. 
2.1.1 Rainfall 
Annual rainfall varies from 450 to 500 mm in the south-west and south-east of the catchment, 
to 350 mm in the north-east (Figure 2.1).  There is a 20 per cent chance (one in five years) 
that the Upper Pallinup (Borden) will receive annual rainfall above 440 mm (wet year) or 
below 320 mm (dry year) as summarised in Table 2.1.  Borden averages 53 mm during the 
wettest month of July and only 16 mm in December.  Two-thirds of the rain falls during the 
growing season and evaporation is also lowest in these months (Figures 2.2 and 2.3).  It is 
well-recognised that the Stirling Ranges create a rainshadow on their northern side, resulting 
in the elongation of the 300 to 400 mm isohyet to the north-eastern footslopes of the range. 
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Figure 2.1. Rainfall isohyets for the Upper Pallinup (from BOM 2003). 
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Table 2.1. Rainfall statistics for Borden (1960–2003) 
Percentile Average 
annual 
rainfall 
20% 
Dry year 
50% 
Median 
80% 
Wet year 
Driest year Wettest year Location 
(mm) (mm) (mm) (mm) (mm) (mm) 
Borden 386 320 390 440 235 (1972) 
575 
(1971) 
Yearly total rainfall for Borden datadrill location 
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Figure 2.2. Annual rainfall 1960–2003, separated into growing season (May-October) and out-of-growing 
season. 
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Figure 2.3. Average monthly rainfall and evaporation 1960–2003. 
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2.1.2 Temperature  
Temperatures range from average daily highs in summer of 27 to 28°C, to average winter 
highs of 15 to 16°C (Figure 2.4).  The highest temperature since 1960 was 44.5°C in 
February 1991, while the lowest was to -1.5°C in July 1971.  Average minimum temperatures 
for winter are 6 to 7°C, while average minimums in summer are 12 to 14°C. 
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Figure 2.4. Average monthly, highest recorded, average daily maximum and minimum and lowest 
recorded temperatures (since 1960). 
2.1.3 Wind 
The risk of wind erosion under strong wind conditions is higher when there is less ground 
cover (<50% of the surface covered by non-erodible elements).  For crop paddocks this is 
mostly during autumn to early winter and for stock paddocks the risk is higher during late 
summer to autumn.  Soil type is also critical to wind erosion risk with lighter soils much more 
susceptible than heavy soils.  Careful management is critical.  The hours of strong winds 
(> 29 km/h) for the 18 years 1983 to 2000 have been recorded by the Department’s climate 
station, 20 km north of Jerramungup townsite.  When wind reaches 29 km/h it can move 
exposed particles of soil up to sand grain size. 
Figure 2.5a shows that, in the years 1997 to 2000, the hours of strong winds > 29 km/h had 
reduced to below average, while Figure 2.5b shows the direction and total hours of strong 
winds for the 18 years 1983 to 2000.  The predominant direction of summer winds is east or 
south-east, whereas the direction of strong winds in winter is west-north-west.  Each year is 
highly variable and strong wind events occur episodically. 
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Figure 2.5. Wind data from the Department’s climate station 20 km north of Jerramungup townsite. 
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2.2 Geology 
Ruhi Ferdowsian, Senior Hydrologist, Albany 
2.2.1 Physiography 
The Upper Pallinup area lies within the southern margins of the Yilgarn Craton and the 
northern precinct of a landscape unit referred to by Cope (1975) as the Ravensthorpe Ramp.  
The Ravensthorpe Ramp’s northern boundaries are approximately 350 m above sea level, 
while the lowest part of the study area is only 150 m above sea level.  Uplifting of the Yilgarn 
Craton and formation of Ravensthorpe Ramp has resulted in erosion and dissection.  The 
gently undulating to flat landscape to the south has undergone little dissection and many flats 
have kept their Tertiary surfaces. 
The Ravensthorpe Ramp consists of benches, separated by ridges that run in an east-west 
direction.  The main drainage lines in these benches had western to eastern flow directions 
but in more recent times the rivers have acquired a southerly direction, after they cut through 
the ridges. 
2.2.2 Basement rocks 
Precambrian basement rocks (> 600 million years old) underlie the entire area.  These 
Archaean rocks are generally igneous and metamorphic.  There are numerous dolerite dykes 
that have a south-east to north-west direction.  Numerous shear zones and faults occur in 
the Archaean rocks.  These features have dictated the position of the creeks and affect 
surface and groundwater flows. 
On many mid-slope, lower slope and swampy areas, Tertiary marine sediments cover the 
basement rocks.  These sediments are known as the ‘Werillup Formation’ and the overlying 
‘Pallinup Siltstone’.  The Werillup Formation consists of a dark grey siltstone, sandstone, 
claystone and lignite (brown coal) deposited in swampland environments (Cockbain 1968).  
The Pallinup Siltstone consists of siltstone and sponge-like materials deposited in a marine 
environment.  The sea temperature during the Tertiary period is believed to have been warm 
with abundant marine animals such as sponges.  The sponges contained microscopic 
‘needles’ of silica called spicules and these spicules became part of the sediments to form 
the soft and pale-coloured rocks known as spongolite.  These rocks are similar to ‘Mt Barker 
Stone’ and ‘Woogenellup Stone’.  Spongolite can be seen on the landscapes to the east of 
the study area. 
The Stirling Range forms the southern boundary.  The metamorphosed sediments of this 
range were originally deposited in a marine basin more than 1000 million years ago but were 
uplifted much later.  This Range has a rugged surface indicating that its latest uplifting was in 
recent geological periods.  
2.2.3 Regolith 
In hilly areas, the regolith (unconsolidated material that rests on solid rock) is shallow 
(<10 m) to moderately shallow (<20 m) and is mostly composed of in-situ weathered material 
over basement rocks.  This weathered profile contains a considerable quantity of salt (to 
2,000 t/ha or more in some cases) and generally consists of sandy clay.  A thin layer of 
coarser material usually exists just above basement rocks, through which most of the 
groundwater moves. 
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Regolith in the very gently undulating areas and flat landscapes is moderately deep (10-
30 m).  In most of this area, the basement rocks or the in-situ weathered profiles are covered 
by sediments of Tertiary age (Pallinup Siltstone).  
The hydrology of most areas is strongly influenced by the broad and often stagnant flats and 
depressions that are found mostly around the main drainage channels, in flats and in very 
gently undulating areas.  The regolith in these flats consists mainly of heavy clay near the 
soil surface and coarser sand at depth.  Movement of groundwater is restricted due to low 
hydraulic conductivity and gradient. 
2.3 Soil-landscape information 
Shannon Sounness 
2.3.1 Soil-landscape systems and subsystems 
Soil-landscape systems are areas with repeating patterns of landforms and slopes with 
associated soils.  Table 2.2 lists the different systems within the Upper Pallinup study area 
and their extent.  The distribution of soil-landscape systems is shown in Appendix 1.  Data 
were extracted from the DAFWA Map Unit Database.  Original information was derived from 
Stuart-Street and Marold (in prep.). 
Table 2.2. Soil-landscape systems within the study area 
Soil-landscape system Area (ha) Area (%) 
Upper Pallinup 119,452 37.4 
Toompup 59,543 18.7 
Dedatup 20,522 7.8 
Middle Pallinup 22,980 7.2 
Hydenup 13,568 4.2 
North Stirlings 11,428 3.6 
Tieline 11,459 3.6 
Kokarinup 11,165 3.5 
Stirling Range 10,274 3.2 
Jerramungup 8,485 2.7 
Pingrup 6,718 2.1 
Mabinup 6,453 2.0 
Lower Pallinup 5,013 1.6 
Upper Gairdner 4,411 1.4 
Chillinup 5 < 1 
Newdegate 2,195 < 1 
Nyabing 968 < 1 
Yarmarlup 24 < 1 
Total 319,164 100 
Table 2.3 describes the major subsystems within the five largest soil-landscape systems.  
The major subsystems for the remaining systems are listed in Appendix 2. 
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Table 2.3. Common soil-landscape systems and their main subsystems 
Upper Pallinup System 
241Up_3 Lower to upper slopes and crests associated with shallow granite and dolerite.  
Grey sandy duplex soils, generally shallow, outcrops of granite and dolerite and 
minor areas of red duplex soils. 
(57,765 ha, 
18.1%) 
241Up_2 Lower to upper slopes and broad crests with mainly grey shallow sandy and loamy 
duplex soils including soils with alkaline subsoils and grey deep sandy duplex soils. 
(50,154 ha, 
15.7%) 
Toompup System 
241Tm_2 Mid to upper slopes and level to gently undulating plain areas high in the 
landscape.  Soils are dominantly grey sandy duplex soils with gravelly horizons 
above clay subsoils, duplex sandy gravels and yellow/brown sandy duplex soils. 
(33,883 ha, 
10.6%) 
241Tm_3 Slopes of gently undulating rises with alkaline grey sandy duplex soils, alkaline 
grey shallow loamy duplex soils and grey deep sandy duplex soils. 
(19,011 ha, 
6.0%) 
Dedatup System 
241Dd_3 Areas where soils are developing on shallow dolerite or gneiss and tend to be 
shallow red loamy duplex, red clays.  Alkaline grey shallow sandy duplex with 
alkaline red shallow loamy duplex, brown shallow loamy duplex and red/brown 
non-cracking clay. 
(19,247 ha 
6.0%) 
241Dd_2 Upper to mid valley slopes.  Shallow gravels grading to shallow alkaline duplex 
soils further downslope including alkaline grey shallow sandy duplex and alkaline 
grey shallow loamy duplex. 
(3,399 ha, 
1.1%) 
Hydenup System 
241Hd_2 Level to gently undulating plain mostly covered in a thin sand sheet with 
ferruginous gravel at depth over a generally yellow clay.  Sands are generally fine.  
Grey deep sandy duplex and pale deep sand with shallow gravel, duplex sandy 
gravel and deep sandy. 
(9,217 ha, 
2.9%) 
241Hd_3 Plain with salt lakes and Yate swamps.  Pale deep sand with wet soil, salt lake soil, 
grey deep sandy duplex and saline wet soil. 
(2,521 ha, 
0.8%) 
Middle Pallinup System 
243Mp_5 Low hills comprising hill crests, upper slopes and mid slopes dissected by dolerite 
dykes.  Rarely lower slopes.  Common soils include sandy duplexes and alkaline 
grey shallow loamy duplexes with minor gravelly duplexes, grey and red/brown 
non-cracking clay. 
(7,600 ha, 
2.4%) 
243Mp_4 Intensely dissected remnant lateritic plateau, valley rises and undulating plains.  
Dominantly texture contrast soils comprising mostly shallow sandy or gravelly 
duplex soils. 
(6,223 ha, 
1.9%) 
2.3.2 Soil Groups 
There are 46 Soil Groups (Schoknecht 2002) within the Upper Pallinup study area.  The most 
common are listed in Table 2.4.  A full list is presented in Appendix 3. 
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Table 2.4. Dominant Soil Groups in the study area 
Soil Group Area (ha) Area (%) 
Grey deep sandy duplex 40,475 12.7 
Alkaline grey shallow sandy duplex 37,517 11.8 
Grey shallow sandy duplex 37,165 11.6 
Alkaline grey shallow loamy duplex 26,338 8.3 
Duplex sandy gravel 19,248 6.0 
Pale deep sand 13,265 4.2 
Alkaline grey deep sandy duplex 12,922 4.0 
Saline wet soil 12,798 4.0 
Bare rock 10,257 3.2 
Grey shallow loamy duplex 9,745 3.1 
Other Soil Groups with <3% representation 99,435 31.2 
Total 319,164 100.0 
2.4 Hydrology 
Ruhi Ferdowsian, Senior Hydrologist, Albany 
2.4.1 Groundwater flow systems 
Groundwater processes causing salinity can be categorised according to their flow systems 
because the type (local, intermediate or regional) reflects the ease with which salinisation 
can be managed.  Two groundwater flow systems exist in the area -  local and intermediate. 
Local groundwater flow systems are those where recharge and discharge of groundwater are 
in close proximity to each other −  usually within 1-3 km (hillside scale).  In these areas, the 
hydraulic head surfaces (in most cases the same as groundwater levels) conform to local 
topography.  This kind of aquifer has a reasonable hydraulic gradient.  These systems are 
very responsive to land use changes.  Shortly after recharge is controlled, groundwater will 
drain away allowing levels to drop.  The dissected landscapes to the north and south-east of 
the study area have local groundwater flow systems.  In such areas, salinity and rising 
groundwater are on-site issues.  Therefore, management practices outside the influence of 
these areas will have little or no effect on the extent of their salinity. 
Intermediate groundwater flow systems have a horizontal extent of 5-10 km and generally 
occur across several properties.  They have low hydraulic gradients and in some cases low 
hydraulic conductivity.  The low gradient results in very little lateral groundwater flow out of 
the area.  Consequently large areas may experience shallow groundwater levels and soil 
salinity.  The stagnant and flat areas to the north-east and west of the study area have 
intermediate groundwater flow systems.  Groundwaters in these landscapes have one 
dimensional movement (up and down).  Consequently groundwater levels will not have a 
rapid decline after recharge is controlled. 
2.4.2 Hydrological landscapes  
Three types of hydrological landscapes exist in the Upper Pallinup area:  1) Dissected 
landscape with low hills; 2) Moderately dissected undulating areas; and 3) Very gently 
undulating areas with stagnant flats and swampy floors (Ferdowsian and Crossing 2004). 
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2.4.2.1 Dissected landscape with low hills 
Most of the study area is composed of dissected landscapes called low hills (dissected with 
30 to 90 m relief).  The subcatchments with mainly low hills landscapes include Kybelup 
Plain North, Coromup, Peerup, Ongerup West, Upper Peenebup, Monjebup, Nalyerlup and 
Woolaganup.  They have moderate to gently undulating plains with well-defined creeklines.  
The valleys are v-shaped and have erosional stream channels (Figure 2.6).  Some valleys 
have been in-filled by alluvial sediments.  In these cases the valley floors have changed to 
elongated narrow flats with defined creeks cut into their floors.  The hillsides have shallow 
basement rocks that may surface on the landscape.  Many east-west dolerite dykes have 
been intruded into granitic basement rocks. 
 
Figure 2.6. Typical cross-section of a dissected landscape and low hills. 
Groundwater flow systems in dissected landscape 
Groundwater flow systems are local and roughly align with the direction of surface drainage.  
In the more dissected areas, aquifers have a higher gradient, which allows groundwater to 
move towards low-lying discharge areas, such as creeks and valley floors.  Shallow 
basement rocks and dolerite dykes can partially obstruct groundwater flow and cause a few 
hillside seeps to occur.  Most of the discharge sites are in the lower parts of the landscape 
and form the creekline seeps and valley floor salinity that impact on streams and rivers. 
Groundwater depth, quality and trends 
Depth to groundwater ranges from 1 m to more than 8 m, depending on the position in the 
landscape and depth to basement rocks.  Groundwater is saline and generally ranges from 
1,000 mS/m (milliSiemens per metre) in upper slopes to 5,000 mS/m near creeklines and in 
salt-affected areas.  Short-term monitoring indicates that the area is highly responsive to 
rainfall.  Bores with a small upslope area in the more dissected areas are possibly in 
hydrological equilibrium because of the small recharge areas and high groundwater gradient 
(Figure 2.7:  bore KT27812D).  Areas in lower slopes and close to creeklines have become 
discharge sites.  Groundwater comes to the soil surface through capillary pores, and 
evaporates leaving salt in the soil profile.  Evaporation from salt-affected land prevents 
further rise in groundwater levels, though the accumulation of salt continues in the capillary 
zone.  Consequently groundwater levels fluctuate within the capillary zone (< 1.5 m) and 
acquire strong seasonal variation. 
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Figure 2.7. Typical hydrograph in upper slopes in a dissected landscape. 
2.4.2.2 Moderately dissected undulating areas 
This landscape covers most of the Ongerup East, Peedilup, Upper Warperup, Martaquin, Six 
Miles Creek and Wakelongup Flats subcatchments.  It has very gently inclined slopes (1-3%) 
and broad valleys.  The valleys and lower slopes are depositional zones and may be in the 
shape of stagnant flats with or without a defined creekline.  The regolith is usually deep, 
however a few rock outcrops may be seen on hilltops and upper slopes.  Figure 2.8 depicts a 
typical cross-section. 
 
Figure 2.8. Typical cross-section of a moderately dissected undulating landscape. 
Groundwater flow systems in moderately dissected undulating areas 
Groundwater flow systems along the slopes are local but may change to intermediate in the 
valley floors.  The aquifers are usually thicker than those in the dissected landscape and 
have very low hydraulic gradients. 
Groundwater depth, quality and trends 
Groundwater levels in the stagnant flats are at or close to the soil surface and fluctuate 
seasonally.  Groundwater moves away very slowly.  Consequently large areas may 
experience shallow watertables.  Even very gently undulating slopes may experience shallow 
watertables.  Bore NS14D86 (Figure 2.9) depicts groundwater level rises in mid-slope of very 
gently undulating areas.  The rising trend will continue until discharge areas develop nearby.  
The depth to groundwater increases on the hillside.  Groundwater salinities are similar or 
slightly higher than in the dissected landscapes.  
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Figure 2.9. Typical hydrograph in upper to mid-slopes in moderately dissected undulating landscapes. 
2.4.2.3 Very gently undulating areas with stagnant flats and swampy floors 
This landscape covers most of the Kybelup South, Mills Lake and Anderson Lake 
subcatchments.  These areas have broad stagnant flats and ancient drainage flats with salt 
lakes and swamps (Figure 2.10).  A few broad sand dunes may be observed. 
 
Figure 2.10. Sequential change of hydrological landscapes in very undulating areas with stagnant flats 
and swampy floors. 
Groundwater flow systems  
Groundwater flow is mainly intermediate and occasionally semi-regional.  These flow 
systems have very low groundwater gradients.  The low gradient results in very little lateral 
flow into or out of the area.  It is also the recipient of some groundwater flow and larger 
volumes of surface run-off from the gently undulating landscapes.  The salt lakes have 
become windows to groundwater.  Groundwater discharges through floors of the salt lakes. 
Groundwater depth, quality and trends 
Groundwater is highly saline and close to the soil surface.  Shallow groundwater is likely to 
be acid.  Groundwater contains dissolved iron that comprises much of the mobile acidity 
which, when exposed to air by drainage or pumping, undergoes a reaction that rapidly 
reduces pH of the waters.  Draining such acid groundwater may cause environmental 
damage.  Some fresh to brackish groundwater may be found perching on the highly saline 
intermediate groundwater systems.  Kybelup Plain has brackish groundwater that is an 
important but diminishing asset in the region.  This brackish water resource is due to 
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recharge into a coarse sandy aquifer and is diminishing because it is being invaded by highly 
saline groundwater from surrounding areas. 
Groundwater levels are no longer rising near discharge sites (saline flats, swamps and lakes) 
where the depth to groundwater is less than 2 m.  In these areas, groundwater levels 
fluctuate in response to rainfall and evaporation interactions.  Areas with deeper groundwater 
(2-5 m) rise between 0.05 and 0.15 m/yr.  The rate of rise increases with depth to 
groundwater and distance from discharge sites. 
2.5 Wetlands 
Ruhi Ferdowsian, Senior Hydrologist, Albany 
Swamps and closed depressions have formed in areas with very porous material at depth, 
associated with either granitic highs or the Werillup Formation.  Three types of wetlands exist 
in the study area.  The hydrology and salinity depend on interaction with the saline 
groundwater: 
• Fresh water sumps are perched well above the saline groundwater.  They have 
seasonal water and are dry over summer (December to May).  After heavy rain the 
sumps fill and water spreads over their margins, inundating a large area.  These 
sumps, and especially their margins, contribute recharge to the underlying groundwater 
flow system. 
• Brackish sumps were fresh water sumps that recharged the regional groundwater prior 
to clearing and dried out over summer.  Due to rising groundwater, however, they have 
become periodic discharge sites and water now stays in them for long periods.  
• Salt lakes have become permanent discharge zones.  Saline groundwater is entering 
the salt lakes increasing the salinity.  Higher surface and groundwater levels and 
increased salinity have already killed most of the natural vegetation on the lake 
margins.  The lakes receive run-off from agricultural areas and their water levels are 
seasonally affected.  Three main salt lakes in the south-west of the study area are 
Cheepanup, Anderson and Waikelongup.  Other salt lakes occur in the north-east, 
north of Ongerup. 
2.6 Native vegetation 
Shannon Sounness 
Table 2.5 outlines the area covered by five systems prior to clearing. 
Table 2.5. Vegetation systems of the study area prior to clearing (Beard 1979) 
Vegetation system Area (ha) Area (%) 
Pallinup 141,943 44.5 
Chidnup 80,339 25.2 
Qualup 46,598 14.6 
Jerramungup 45,947 14.4 
Stirling Range 4,336 1.4 
Total 319,164 100.0 
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Information about these vegetation systems is outlined below (SCRIPT 1997).  The 
vegetation systems are described in detail in Beard (1979).  All botanical and common 
names for the plant species are from the Department of Environment and Conservation’s 
FloraBase website (2006). 
• Pallinup system:  Pallinup system forms part of the Roe Botanical District.  This is 
found in the dissected, undulating, upper reaches of the Pallinup River system.  Mallee 
heath occurs on the higher land while eucalypt woodland occurs in the valleys and 
small lakes.  Mallee consists of Eucalyptus redunca (black marlock) and Eucalyptus 
uncinata (hooked-leaved mallee) with other species such as Eucalyptus gardneri (blue 
mallet) and Eucalyptus occidentalis (flat-topped yate) and an understorey of melaleuca 
species.  The eucalypt woodland consist mainly of Eucalyptus occidentalis (yate) and 
Eucalyptus loxophleba (York gum) on the slopes.  On the banks of the Pallinup River, 
Casuarina obesa (swamp sheoak) and Eucalyptus rudis (flooded gum) also grow. 
• Chidnup system:  Also part of the Roe Botanical District.  The area is predominantly a 
mallee heath on a generally flat to gently undulating landscape.  The mallee heath 
occurs on the higher ground and eucalypt woodland including York gum and yate occur 
in patches in the major valleys and small lakes.  Eucalyptus salmonophloia (salmon 
gum) can be found around the Ongerup townsite. 
• Qualup system:  This forms part of the Eyre Botanical District with the Jerramungup 
and Stirling Range systems.  The system is predominantly a mallee heath with the 
main species being Eucalyptus tetragona (tallerack).  It grows on sandplain that 
overlies gravelly clays.  On deep sands, the vegetation changes to scrub heath 
including proteaceous species such as Lambertia inermis (chittick).  Where salt lakes 
or depressions occur on the sandplains, vegetation such as Eucalyptus decipiens 
(redheart or moit) grows.  If the soil is loamy, yates and samphire (Halosarcia spp.) 
communities exist.  Paperbark trees (Melaleuca spp.) may also be present on the 
fringes of salt lakes. 
• Jerramungup system:  This is found between the Peenebup and Dedalup tributaries of 
the Pallinup River.  It is a blend of the Chidnup and Qualup systems.  Areas of mallee 
heath and woodland are determined by the soil type and slope. 
• Stirling Range system:  Only a small proportion of the north-east of the Stirling Range 
National Park falls within the Upper Pallinup.  There are varying vegetation types.  
Thickets of Dryandra spp., Kunzea montana, and Banksia solandri (Stirling Range 
banksia) inhabit the mountain peaks and upper slopes.  Mallee heath, predominantly 
mallee jarrah, grows on the slopes and merges with the thicket.  Other mallee heath 
occurs on plain areas (includes Eucalyptus tetragona).  Low woodland merges with the 
mallee heath on the slopes and consists of a jarrah-marri woodland.  This merges with 
woodland downslope which consists of jarrah (E. marginata), marri (E. calophylla), 
wandoo (E. wandoo), yate (E. occidentalis) and flooded gum (E. rudis). 
Table 2.6 describes the extent of existing vegetation systems after clearing.  Each system 
can be divided into a number of associations.  Table 2.7 shows a breakdown of the 
vegetation association levels with a description of the vegetation type of the most commonly 
occurring system association levels.  The area is expressed as a percentage of the total 
remnant vegetation in the study area and as a percentage of the total study area. 
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Table 2.6. Extent of existing vegetation systems within the study area 
Vegetation system Area (ha) Area (%) 
Chidnup 5,300 12.2 
Jerramungup 11,700 26.7 
Pallinup 14,500 33.1 
Qualup 8,900 20.3 
Stirling Range 3,400 7.7 
Total 43,800 100.0 
Table 2.7. Remnant vegetation at system association level within the study area 
Vegetation 
system 
System 
association level Description 
Area
 (ha) 
Area (%) 
remnants 
Area (%) 
study 
area 
Chidnup_1075 Shrublands; mallee scrub, 
Eucalyptus eremophila and black 
marlock (E. redunca). 
4,069 9.3 1.3 
Chidnup_938  Medium woodland; York gum and 
yate. 
383 0.9 0.1 
Chidnup  
Chidnup_1200  Mosaic:  Medium woodland; salmon 
gum and morrel/Shrublands; mallee 
scrub Eucalyptus eremophila and 
black marlock (E. redunca). 
301 0.7 0.1 
Jerramungup_940 Mosaic:  Shrublands; mallee scrub, 
black marlock/Shrublands; tallerack 
mallee heath. 
8,389 19.2 2.6 
Jerramungup_516 Shrublands; mallee scrub, black 
marlock. 
3,294 7.5 1.0 
Jerramungup 
Jerramungup_931 Medium woodland; yate. 13 < 1 < 1 
Pallinup_938 Medium woodland: York gum and 
yate. 
6,274 14.3 2.0 
Pallinup_516 Shrublands: mallee scrub, black 
marlock. 
3,318 7.6 1.0 
Pallinup 
Pallinup_1075 Shrublands; mallee scrub, 
Eucalyptus eremophila and black 
marlock (E. redunca). 
2,130 4.9 0.7 
Qualup Qualup_938 Medium woodland; York gum and 
yate. 
4,370 10.0 1.4 
Stirling Range_980 Shrublands; jarrah mallee heath. 1,167 2.7 0.4 
Stirling Range_47 Shrublands; tallerack mallee heath. 990 2.3 0.3 
Stirling Range 
Stirling Range_975 Low woodland; jarrah. 660 1.5 0.2 
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2.7 Land use 
2.7.1 Land use statistics 
Ben Whitfield, Hydrologist, Albany 
Farming accounts for 93.7 per cent of land use in the study area (Table 2.8) and is 
dominated by cropping and pasture rotations.  Table 2.9 provides detailed land use statistics 
by local government area (LGA). 
The 1,722 km of roads consist of about 157 km of sealed main road (Chester Pass, Formby 
South and Gnowangerup-Jerramungup Roads) and 1,565 km of local roads, minor roads and 
tracks.  Townsites account for 719 ha (Borden 219 ha and Ongerup 500 ha). 
Table 2.8. Land use within the study area 
Land use Area (ha) Area (%) 
Farming 299,159 93.7 
Unallocated Crown land 2,115 0.7 
Reserves 17,890 5.6 
Total 319,164 100.0 
Table 2.9. Detailed land use by LGA 
Shire Agricultural land use Land use area of catchment (ha) 
Cropping 1,367 Albany (C)  
Remnant native cover 51 
Cropping 252,258 
Hardwood plantation 28 
Managed resource protection 31 
National park 4,392 
Other minimum intervention use 2 
Plantation forestry 380 
Remnant native cover 12,793 
Softwood plantation 16 
Strict nature reserves 1,992 
Gnowangerup (S) 
Traditional indigenous uses 8 
Cropping 13,817 
Remnant native cover 638 
Jerramungup (S) 
Strict nature reserves 2,738 
Cropping 27,460 
Hardwood plantation 4 
Remnant native cover 417 
Tambellup (S) 
Strict nature reserves 773 
 
UPPER PALLINUP CATCHMENT APPRAISAL 
 
 22
2.7.2 Land use and agricultural production 
David Highman, Development Officer, Katanning 
The major changes in land use in the past decade have been the increase in percentage of 
farms sown to crop, the increase in farm sizes, the decrease in the number of farmers and 
the increase in the farmers’ average age. 
Farming systems in the Upper Pallinup catchment are mainly annual crops in rotation with 
annual pastures with an average annual ratio of 50:50 [crops:pasture].  Since the 1990s 
perennials (lucerne and tall wheat grass) and saltland pastures have become more 
prominent.  The winter rainfall is reliable although variable.  The majority of income is derived 
from grain, wool and sheep meat.  Some landholders derive income from beef.  Oil mallees 
and sandalwood are emerging industries that have potential to provide income in future. 
The main crops are wheat, barley and canola.  Oats, lupins and field peas are also grown in 
small quantities.  The typical rotation is a 4 to 6 year cropping phase followed by a 2 to 4 
year pasture phase.  A common rotation is canola:wheat:barley:lupins or field 
peas:wheat:pasture:pasture.  In most cases wheat or barley is sown following a canola crop 
for yield advantages. 
Yields vary widely.  For instance, wheat may range from 2 tonnes per hectare to 4 t/ha in an 
average year.  This is due to variations within the catchment of rainfall, sowing times, soil 
type, soil conditions and other agronomic factors. 
There has been a strong trend towards minimum tillage cropping in the past decade to 
reduce soil erosion, improve soil structure and to ameliorate acid soils.  Most farmers have 
an annual plan for applying lime, potash and other fertilisers to overcome soil deficiencies. 
There is a current overall trend of increasing sheep stocking rates, increasing fine wool 
production and increasing prime lamb numbers.  Dry seasons temporarily reverse this trend. 
Many landholders have tried some pasture manipulation with varying degrees of success.  
They aim to maximise pasture production, however effort is also needed to maximise pasture 
utilisation which offers better economic gains and improved sustainability.  A few farmers 
have implemented an efficient rotational grazing system which has enabled them to 
overcome the problems associated with set stocking.  For most farmers who set stock, 
stocking rates are considered to be low. 
There is increased interest in perennial pasture production, with more areas sown to lucerne 
and tall wheat grass.  A lot of these sowings are on a small ‘trial’ basis.  It is becoming 
accepted that lucerne can have an important contribution to grazing strategies and cropping 
systems with the added benefits of reducing recharge, increased soil nitrogen and the ability 
to manage the problem of herbicide resistance. 
Farmers believe the main resource management problems are soil acidity, salinity, 
non-wetting soils, wind erosion, water erosion and waterlogging.  Farm management issues 
include new fungal diseases attacking crops, sheep worm resistance to anthelmintics and 
herbicide weed resistance. 
UPPER PALLINUP CATCHMENT APPRAISAL 
 
 23
Alternative farming enterprises being explored within the catchment are: 
• Aquaculture – yabbies and salt water trout 
• Agroforestry – oil mallee, sandalwood, acacias and other eucalypt species. 
Future aims of landholders include: 
• Improving pastures to increase stock production 
• Increasing the diversity of their farms, such as planning for drought and decreasing the 
use of chemicals 
• Improving soil health. 
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3. RESOURCE CONDITION AND FUTURE RISK 
3.1 Climate change impacts 
Ron Master, Profitable Perennials Development Officer, Albany 
Long-term climate change is predicted to have a significant impact on the southwest of 
Western Australia.  The predictions are only indicative, however some broad trends are 
already evident which could be due, in part, to enhanced greenhouse effect. 
The South West of WA is one of the regions where long-term climate change is predicted to 
decrease rainfall, especially in autumn and winter.  Recent work by Ferdowsian (2003) 
showed that for the high rainfall centres like Denmark, Albany and Mt Barker, a gradual 
decrease in rainfall has been observed, particularly after 1935 (Figure 3.1).  Interestingly, this 
trend is evident from Albany to north of Perth along the coast, however the lower rainfall 
areas of the South Coast do not seem to have exhibited any marked decrease in annual 
rainfall as shown in Figure 3.2 (Indian Ocean Climate Initiative 2002).  
Another important point is that there seems to be an increased incidence of summer rainfall 
in most of the region.  These rainfall changes correspond to projected climate change from 
an enhanced greenhouse effect (Indian Ocean Climate Initiative 2002, CSIRO 2003). 
Figure 3.1. Patterns of changing annual rainfall across three centres in the western 
South Coast, and the downward trend from 1920 (Ferdowsian 2003). 
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Figure 3.2. Rainfall patterns of four stations have mainly medium-term fluctuation, however remnants of 
long-term changes may be observed (Ferdowsian 2003). 
Future trends due to an enhanced greenhouse effect for the South West indicate some major 
shifts in rainfall and temperature that could have significant impacts on agriculture.  Projected 
changes to 2030 (Indian Ocean Climate Initiative 2002, CSIRO 2003) are: 
• Decreases in annual autumn and winter rainfall of up to 20 per cent due in part to a 
weakening or lower frequency of cold fronts 
• Increase in temperatures of 0.4 to 2°C 
• Increased evaporation 
• Increased CO2 levels 
• Possible increase in summer rainfall events, however if this occurs it will not be enough 
to counter the drop in winter rainfall. 
Possible impacts of climate change (from Kingwell and Johns 2003, Foster 2002 & 2003) 
include: 
• Later planting for grains, legumes and pulses 
• Less waterlogging in medium and high rainfall cropping belts 
• Possible decreased crop yields in the lower rainfall areas of the region, however 
increased yields are possible in the higher rainfall areas due to decreased 
waterlogging.  Decreases in yields may be mitigated by increases in CO2 levels, though 
will depend on rainfall 
• Decrease in frequency of very high yielding years leading to lower overall farm profits 
• Less frost damage to crops due to possible decrease in frost events 
• Increased crop damage and disease due to an increase in summer rainfall events 
• Decreased yields from annual pastures resulting in lower stocking rates 
• Greater heat stress on cattle and sheep could lead to decreased animal production 
• Increasing evaporation rates and reduced rainfall could result in stock and irrigation 
water shortages leading to decreased animal and irrigated agricultural production 
• Decreased rainfall could lead to the contraction of the blue gum (Eucalyptus globulus) 
industry due to lower yields, again the impact of increased CO2 might mitigate this 
effect somewhat. 
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3.2 Land management hazards 
Angela Stuart-Street, Soils Research Officer, Geraldton 
The following is a list of the land management units (LMU) and hazards for Upper Pallinup: 
• Sandy duplex soils:  Well drained sand or sandy loam over clay at 10-80 cm, 
seasonally perched watertable common.  Occurs mainly on mid to upper slopes. 
• Generally a moderate groundwater recharge risk; this may increase to a high risk 
in winter months, associated with perched watertables. 
• Usually non-saline but may develop hillside seeps or saline drainage lines. 
• High risk of wind erosion on exposed crests and upper slopes, otherwise the risk 
is moderate. 
• Highly susceptible to subsoil acidification. 
• Water erosion is a high risk on exposed upper slopes. 
• Traffic and plough pans can be a risk. 
• Sandy topsoils may display water repellence. 
• Soil water storage in sandy topsoils may be low. 
• Low to moderate risk of soil structure decline (surface crusting and hardsetting 
soils). 
• Poorly drained sandy duplex soils:  Sand or sandy loam over clay at 10-80 cm; clay 
may be blue/grey in colour or very mottled; very wet in winter months.  Generally 
occurs on lower slopes and footslopes, and larger drainage lines. 
• Moderate groundwater recharge, highest where water ponds. 
• High risk of salinity developing, usually along drainage lines and ponded areas. 
• Moderate waterlogging risk.  Waterlogging is the major limitation in this area. 
• Highly susceptible to subsurface acidification. 
• Moderately susceptible to wind and water erosion, traffic and plough pans. 
• Gravels:  Ironstone gravel >60 per cent overlying clay or hard ironstone at varying 
depths.  Occurs generally on hill crests and upper slopes. 
• High groundwater recharge if cleared. 
• Sandy topsoils are moderately susceptible to subsurface acidification, traffic and 
plough pans. 
• Mild wind and water erosion on exposed sites where ground cover is < 50 per 
cent. 
• Low soil water storage. 
• May be susceptible to water repellence. 
• Salt-affected land:  A range of soils is affected by salt.  They are usually waterlogged 
and may be subject to flooding.  It is usually seen on valley floors and drainage lines, 
and occasionally on hillsides as saline hillside seeps. 
• Mainly groundwater discharge but recharge may occur during winter. 
• Presently saline. 
• Very high risk of waterlogging and inundation. 
• Highly susceptible to serious water erosion problems (gully and rill), particularly 
along saline drainage lines. 
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• Deep sands:  Pale grey, white or yellow sands deeper than 80 cm.  Gravel (<20%) may 
be present through profile.  Generally seen on mid to lower slopes. 
• High groundwater recharge. 
• High risk of wind erosion on exposed crests and upper slopes, otherwise the risk 
is moderate. 
• These soils are very highly leached, do not retain nutrients, and are highly prone 
to subsurface acidification. 
• Moderately susceptible to water erosion, inundation on flats, traffic and plough 
pans. 
• Water erosion is a high risk on exposed upper slopes. 
• Sandy soils may display water repellence. 
• Soil water storage is generally low. 
• Grey/greyish brown loams and clays:  Hardsetting grey clay loam and clay.  
Grey/greyish brown loamy surface layers over clay at <30 cm, or clay at surface.  
These soils mainly occur on lower slopes and broad valley floors. 
• Moderate groundwater recharge, highest where water ponds. 
• Salinity may develop on valley floors and drainage lines with shallow watertables, 
or on ponded areas, or as hillside seeps. 
• Moderate to high risk of waterlogging and inundation, highest on flats and low-
lying areas. 
• Moderately susceptible to topsoil structure decline. 
• Red soils and dykes:  Reddish brown sandy loam over clay or grading to clay at 
10-20 cm (red loam); red or reddish brown clay loam over red clay at <10 cm or 
grading to red clay at depth (red clay).  Seen mainly on slopes and ridges, and often 
associated with dolerite dykes. 
• Low to moderate groundwater recharge. 
• Hillside seeps may occur on or near these soils as they are formed on dolerite 
dykes. 
• Low risk of waterlogging.  Lighter soils upslope from this LMU may exhibit 
waterlogging due to the heavier red soils acting as a textural barrier to lateral 
water movement. 
• Moderately susceptible to water erosion and decline of topsoil structure. 
• Surface and subsurface soils may be alkaline and unsuitable for some crops and 
pastures, and may exhibit nutrient toxicity and deficiencies. 
• Rock outcrops:  Includes outcrops of granite, dolerite and hard ironstone.  Generally 
seen on ridges, and mid to upper slopes. 
• Very high recharge through soil at the edge of outcrops. 
• Variable recharge can occur through fractures in the rock. 
• Hillside seeps can develop where rock outcrops forces saline groundwater to the 
surface. 
• Outcrops may shed water resulting in water erosion downslope. 
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3.3 Hydrological risk 
Ruhi Ferdowsian, Senior Hydrologist, Albany 
3.3.1 Shallow watertables and salinity 
The following section discusses how changes in the water balance resulting from clearing 
are affecting groundwater levels of the three hydrological landscapes in the Upper Pallinup 
and presents the risk of shallow watertables. 
3.3.1.1 Dissected landscape with low hills 
The dissected areas have a low to moderate risk of shallow watertables.  Creeklines, low-
lying areas and some upland areas are already saline and the extent will increase until a new 
hydrological equilibrium is reached.  In some areas (recent clearing, long slopes and with low 
hydraulic gradient) equilibrium may be reached in decades to come. 
3.3.1.2 Moderately dissected undulating areas 
Groundwater cannot drain easily because of the low (1–2%) hydraulic gradient.  
Consequently, groundwater levels will continue to rise for a long period until significant areas 
become salt-affected.  Therefore, this zone has a high risk of shallow watertables.  
Creeklines, flats and low-lying areas are already saline.  It is likely that the extent of salinity 
will increase until a new hydrological equilibrium is reached.  
3.3.1.3 Very gently undulating areas with stagnant flats and swampy floors 
High salt storage and shallow groundwater levels mean that these zones have high risk of 
salinity.  The area has always had some salinity; however, expression has increased 
considerably since clearing.  Groundwater levels will continue to slowly rise until discharge 
through evaporation equals recharge.  Even with shallow groundwater levels, areas with a 
moderately deep, sandy A horizon can continue to be productive because every seasonal 
rainfall flushes accumulated salt from the root zone. 
3.3.2 Land Monitor analysis 
Ben Whitfield, Hydrologist, Albany 
Analysis of the Land Monitor mapping of areas of consistently low productivity (AOCLP) and 
average height above valley floor (AHAVF) was undertaken according to the local 
government areas (LGA).  AHAVF refers to areas that are less than 2 m above the height of 
the nearest drainage line, are prone to waterlogging and inundation and represent the 
highest risk of developing shallow watertables.  The breakdown is shown in Table 3.1.  Local 
government areas that have the largest proportion of land at risk of shallow saline 
watertables are Jerramungup and Gnowangerup. 
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Table 3.1. Land Monitor data analysis (Evans 2000) 
Shire LGA area in catchment (ha) 
Area affected 
by AOCLP 
2000 (ha) 
Percentage 
of LGA in 
catchment 
affected 
Area of 
catchment 
affected by 
AHAVF (ha) 
Percentage of 
LGA area in 
catchment 
affected 
Albany 1,418 11 0.8% 107 7.6% 
Gnowangerup  271,902 9,019 3.3% 62,994 23.2% 
Jerramungup  17,190 234 1.4% 4,865 28.3% 
Tambellup  28,655 0 0% 1 < 1% 
3.3.3 Surface water risks 
Ben Whitfield, Hydrologist, Albany 
3.3.3.1 Slope characteristics 
One of the key factors in determining the level of risk of land to degradation from surface 
water is land slope.  In the study area (Appendix 4): 
• 41 per cent (130,567 ha) has slopes between 0 and 1 per cent 
• 42 per cent (134,523 ha) has slopes between 1 and 3 per cent 
• 12 per cent (37,707 ha) has slopes between 3 and 5 per cent 
• 4 per cent (13,171 ha) has slopes between 5 and 10 per cent 
• > 1 per cent (3,197 ha) has slopes over 10 per cent. 
As 83 per cent consists of low gradient slopes, surface drainage is poor, and the risks 
associated with slow or impeded water movement are increased. 
3.3.3.2 Soil erosion and degradation risks 
Susceptibility to water erosion is increased by the following: 
• Low organic matter content (< 1 per cent organic carbon) 
• High silt or fine sand content (> 65 per cent) 
• Unstable soil structure, particularly dispersive soils 
• Susceptibility to waterlogging 
• Water repellence. 
All of these factors contribute to increased run-off, and therefore the potential for erosion 
(Verboom and Galloway 2004). 
3.4 Native vegetation representation and risk 
Deon Utber, Regional Biodiversity Facilitator, Department of Environment and Conservation 
3.4.1 Native vegetation representation 
The study area retains only 13 per cent of its original native vegetation cover (Table 3.2).  
This vegetation contains 21 species of declared rare flora and 12 species of priority flora 
(Table 3.3).  Approximately half of the remnant native vegetation occurs on reserves 
managed by the Department of Environment and Conservation and the Gnowangerup, 
Tambellup and Jerramungup Shire Councils.  The remainder is fragmented over farmland. 
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A vegetation type is considered to be under-represented where it occurs across less than 25 
per cent of its original distribution.  The following vegetation types are considered to be 
under-represented (from Table 3.2): 
• Wandoo and yate (12.2% remaining) 
• Wandoo, York gum and yate (9.0% remaining) 
• York gum (16.6% remaining) 
• York gum and wandoo (12.7% remaining) 
• York gum, salmon gum and morrel (8.1% remaining) 
• Medium woodland; York gum and salmon gum/shrublands; mallee scrub (Eucalyptus 
eremophila) and black marlock (5.8% remaining) 
• Medium woodland; salmon gum and morrel/shrublands; mallee scrub (Eucalyptus 
eremophila) and black marlock (E. redunca) (7.9% remaining) 
• Mallee scrub (Eucalyptus eremophila) and black marlock (E. redunca) (11.9% 
remaining). 
3.4.2 Native flora and fauna at risk 
Approximately 75 per cent of remnant vegetation in the study area contains at least one 
drainage line and is therefore subject to the risk of salinity or waterlogging directly adjacent to 
the drainage line.  Analysis of the likely impact on remnant native vegetation of waterlogging 
and salinity risk was not undertaken, therefore accurate prediction of risk to remnant 
vegetation is not possible.  
Fragmentation poses a great threat to native vegetation in the study area with over ninety per 
cent of individual remnants being less than 10 hectares in size.  This will reduce the long 
term viability of the remnant vegetation due to its inability to sustain biological resources and 
ecological processes.  For example, pollination can become reduced as pollinators are 
unable to traverse non-vegetated areas between remnants which also leads to reduction in 
genetic variability within species.  Fauna movement is reduced for similar reasons.  
Ecological thresholds of population size, availability of mates, food resources and nutrient 
processes are all affected by fragmentation and reduced remnant size. 
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Table 3.2. Representation of native vegetation in the study area* 
Beard’s vegetation description 
Area of original 
cover (% of study 
area) 
Proportion of 
original cover 
remaining in the 
Study Area (%) 
Proportion of 
original cover 
remaining (% of 
extent in WA) 
Bare areas 
Freshwater lakes 0.01 30.85 93.18 
Salt lakes 0.16 25.15 94.16 
Low woodland 
Jarrah 0.33 66.47 90.36 
Paperbark (Melaleuca sp.) 0.03 19.90 72.30 
Medium woodland 
Jarrah and marri 0.36 28.37 54.98 
Jarrah, marri and wandoo 0.06 28.70 32.73 
Salmon gum and morrel 0.32 14.31 70.5 
Wandoo and yate 0.37 10.50 12.20 
Wandoo, York gum and yate 1.21 7.70 9.05 
Yate 2.04 18.97 42.70 
York gum 0.44 27.87 16.56 
York gum and Allocasuarina huegeliana 0.63 28.80 29.02 
York gum and yate 21.43 16.12 20.40 
York gum (Eucalyptus loxophleba) and wandoo 0.11 37.23 12.74 
York gum, salmon gum and morrel 1.23 7.29 8.13 
Mosaic 
Medium woodland; York gum and salmon 
gum/Shrublands; mallee scrub Eucalyptus 
eremophila and black marlock 
0.05 0.80 5.77 
Medium woodland; salmon gum and 
morrel/Shrublands; mallee scrub Eucalyptus 
eremophila and black marlock (E. redunca) 
3.67 5.46 7.88 
Shrublands; mallee scrub, black 
marlock/Shrublands; tallerack mallee-heath 12.44 21.10 40.85 
Shrublands 
Jarrah mallee-heath 0.36 100.00 41.34 
Mallee scrub (Eucalyptus nutans) 0.15 26.83 46.03 
Mallee scrub, black marlock 19.18 10.85 56.52 
Mallee scrub, Eucalyptus eremophila 0.13 24.58 60.03 
Mallee scrub, Eucalyptus eremophila and black 
marlock (E. redunca) 29.86 6.49 11.87 
Mallee-heath (Stirling Range) 1.55 19.38 50.75 
Tallerack mallee-heath 3.79 32.00 35.6 
Thicket, mixed 0.08 100.00 100.00 
* Source:  Beard (1979) and Land Monitor Project (2001). 
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Twenty one species of threatened flora and 12 species of priority flora occur in the study 
area.  Theses are mainly threatened due to reduced population size from historical clearing.  
Eighteen species of threatened fauna occur in the area.  These species are threatened due 
to reduced population size from habitat destruction, reduction in food resources, competition 
for food sources from introduced species, predation from introduced species, and habitat 
modification (Tables 3.3 and 3.4).   
Table 3.3. Threatened flora located in the study area 
Species *Status Species Status
Acacia trulliformis DRF Persoonia micranthera DRF 
Andersonia axilliflora DRF Sphenotoma drummondii DRF 
Banksia brownii DRF Thelymitra psammophila DRF 
Caladenia bryceana subsp. bryceana DRF Verticordia carinata DRF 
Darwinia collina DRF Baeckea crispiflora subsp. Ongerup (A Scougall 
and C Garawanta E35) 
P1 
Darwinia squarrosa DRF Leucopogon sp. Ongerup (AS George 16682) P1 
Daviesia obovata DRF Acacia mutabilis subsp. incurva P2 
Deyeuxia drummondii DRF Dryandra conferta var. parva P2 
Dryandra montana DRF Eucalyptus vesiculosa P2 
Dryandra pseudoplumosa DRF Latrobea obovata P2 
Grevillea maxwellii DRF Melaleuca pritzelii P2 
Hibbertia priceana DRF Verticordia brevifolia subsp. stirlingensis P2 
Lambertia fairallii DRF Leucopogon florulentus P3 
Lepidium aschersonii DRF Acacia dictyoneura P4 
Leucopogon gnaphalioides DRF Leucopogon denticulatus P4 
Myoporum cordifolium DRF Pleurophascum occidentale P4 
Orthrosanthus muelleri DRF   
* Definitions of conservation codes given to declared rare and priority flora (Atkins 1998) are shown in 
Appendix 5. 
Phytophthora Dieback is an introduced plant pathogen Phytophthora cinnamomi.  It is found 
in most States of Australia and all over the world.  The disease affects not only jarrah forests 
but heathlands and woodlands.  It is spread by movement of infected water, soil or plant 
material.  A high proportion of the Stirling Range National Park and surrounds are affected by 
Phytophthora Dieback.  Several plants in the Epacridaceae, Myrtaceae, Papilionaceae and 
Proteaceae families are susceptible species in the South Coast Region (Project Dieback 
2006). 
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Table 3.4. Threatened fauna located in the study area 
Scientific name Common name Status 
Bettongia penicillata Woylie Conservation Dependent 
Calyptorhynchus baudinii Baudin's black cockatoo EN 
Calyptorhynchus latirostris Carnaby's black cockatoo EN 
Falcunculus frontalis leucogaster Crested shrike-tit (south-western sub) P4 
Isoodon obesulus fusciventer Quenda Conservation Dependent 
Leipoa ocellata Mallee fowl VU 
Macropus eugenii derbianus Tammar wallaby Conservation Dependent 
Macropus irma Western brush wallaby P4 
Macrotis lagotis Bilby VU 
Myrmecobius fasciatus Numbat VU 
Ninox connivens connivens Barking owl P2 
Oreoica gutturalis gutturalis Crested bellbird (southern) P4 
Phascogale calura Red-tailed phascogale EN 
Platycercus icterotis xanthogenys Western rosella (inland ssp.) VU 
Pomatostomus superciliosus ashbyi White-browed babbler (western wheatbelt) P4 
Pseudomys occidentalis Western mouse P4 
Psophodes nigrogularis oberon Western whipbird (western mallee subs) P4 
Setonix brachyurus Quokka VU 
* Definitions of conservation codes given to threatened fauna (Atkins 1998) are shown in Appendix 5. 
3.5 Infrastructure at risk 
Ben Whitfield, Hydrologist, Albany 
Statistics from the Land Monitor project (Evans 2000) for transport infrastructure at risk of 
being affected by salinity, waterlogging and inundation are presented in Table 3.5.  As of 
2000, predominantly local and unknown roads/tracks in the Gnowangerup Shire were most 
likely to be near an AOCLP, which implies some effect to the road from salinity or other 
cause of consistently low production.  Given that Gnowangerup Shire is the predominant 
LGA, the risk prediction indicates that Gnowangerup road infrastructure will be most affected 
(by length) from rising watertables. 
Table 3.5. Road infrastructure at risk (Evans 2000) 
Shire 
**Type of 
road 
Length of 
road (km) 
Length of road 
affected by 
AOCLP 2000 
(km) 
% of road 
affected by 
AOCLP 2000 
Length of 
road 
affected by 
AHAVF (km) 
% of road 
affected by 
AHAVF 
Albany (C) L 2.2   0.0 0.4 19.0 
  U 2.1   0.0 0.15 7.3 
Gnowangerup (S) L 601.3 29.0 4.8 144.9 24.1 
  M 146.4 2.2 1.5 40.8 27.9 
  U 659.8 20.2 3.1 141.9 21.5 
Jerramungup (S) L 39.2 0.4 0.9 12.0 30.6 
  M 9.9 0.3 2.7 6.2 62.5 
  U 20.2 0.1 0.6 5.4 26.6 
Tambellup (S) L 88.8   0.0   0.0 
  U 49.3   0.0 0.2 0.3 
** L – Local, U – Unknown Tracks, M – Mainroad. 
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4. MANAGEMENT OPTIONS 
4.1 Land management 
Angela Stuart-Street, Soils Research Officer, Geraldton 
This section outlines options for managing common land hazards in the Upper Pallinup area.  
These options have been suggested on the basis of minimising recharge and land 
degradation.  The information can be used as a guide; however readers are strongly 
encouraged to regularly seek further (current) information through relevant people and 
organisations.  Some options for managing common land hazards are listed in Table 4.1.  
Table 4.2 identifies the different land management units by their characteristics (similar to 
section 3.2) and then outlines different ‘best practice’ management options for their varying 
hazards and risks. 
Table 4.1. Options for managing hazards 
Land management 
hazard Principal management options 
Subsurface acidity • Liming − given the variability of pH over even small areas, it is recommended that 
landholders include pH monitoring of high risk soils in management plans. 
• Use less acidifying fertilisers, reduce leaching of nitrogen, return plant material to 
the paddock). 
• Grow more tolerant species. 
• Apply more nutrients as they become unavailable in the soil. 
• Raise the soil pH. 
Soil compaction • Zero tillage system. 
• Reduce traffic and avoid traffic and tillage when the soil is wet. 
• Practice tramline farming. 
• Select equipment with lower wheel loads. 
• Improve drainage of wet soils (both surface and subsurface). 
• Increase and incorporate organic matter in soil. 
Wind erosion • Maintaining ground cover at adequate levels − on soils at risk, ground cover needs 
to be at least 50 per cent. 
• Claying blowouts. 
• Minimising the level of disturbance by mechanical action or by livestock. 
• Retaining stubble. 
• Managing summer grazing. 
Waterlogging • Agronomic options, such as applying fertiliser to assist crops to recover, and using 
farming systems that are less susceptible. 
• Engineering options, such as surface water management structures and raised bed 
cropping. 
Water repellence • Claying. 
• Furrow sowing. 
• Use of wetting agents. 
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Table 4.2. Upper Pallinup Best Bet Options:  Key for identifying land management units and their management options 
Land Management Unit Water and soil problems Management options 
SANDY DUPLEX SOILS 
Well drained sand or sandy loam over clay at 
10-80 cm, seasonally perched watertable 
common.  Occurs mainly on mid to upper 
slopes. 
• Generally a moderate groundwater recharge 
risk; this may increase to a high risk in winter 
months, associated with perched 
watertables. 
• Usually non-saline but may develop hillside 
seeps or saline drainage lines. 
• High risk of wind erosion on exposed crests 
and upper slopes, otherwise the risk is 
moderate. 
• Highly susceptible to subsoil acidification. 
• Water erosion is a high risk on exposed 
upper slopes. 
• Traffic and plough pans can be a risk. 
• Sandy topsoils may display water 
repellence. 
• Soil water storage in sandy topsoils may be 
low. 
• Low to moderate risk of soil structure decline 
(surface crusting and hardsetting soils). 
Soil management 
• Minimum tillage and no-till operations will aid in reducing erosion and compaction 
problems in paddocks susceptible to these, improving soil structure and maintaining 
levels of soil organic matter. 
• Any working up should be carried out on the contour.  This is generally economically 
beneficial and should be standard best practice to improve water conservation for 
crops and to minimise erosion. 
• Liming may be necessary to achieve crop and pasture production potentials and 
assist in the establishment of lucerne; regular monitoring of soil pH levels is advised. 
• Practice stubble retention or aim to maintain >50% ground cover to control risk of 
wind and water erosion. 
Cropping/pasture options 
• Phase cropping with lucerne and cereals.  
• Annual clovers, veldt grass, Casbah biserrula and serradella mix would suit the 
sandier areas which are prone to wind erosion.  In wetter areas balansa clover. 
• Crops highly suitable to this soil type where subsoil pH is acid to neutral include oats, 
barley and canola. 
• Other suitable crops include wheat and lupins (though prefer the deeper sandy 
duplexes). 
Recharge reduction and surface water control 
• Veldt grass and serradella mix would suit sandier areas which are prone to wind 
erosion. 
Revegetation and tree planting options 
• Belts of oil mallees (4 or 8 rows) below grade banks, separated by crop pasture 
areas (suitable machinery width). 
• Deeper sand (50+ cm) may be suitable for maritime pines or tagasaste plots (need to 
be cut for sheep feed or managed for cattle feed). 
• Fence off remnant vegetation and revegetate with species native to the catchment 
(seedlings). 
• Belts of farm forestry may be suitable for medium to shallow duplex soils (< 50 cm) 
where there is no waterlogging Corymbia maculata, Eucalyptus cladocalyx, E. 
tricarpa. 
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Land Management Unit Water and soil problems Management options 
GRAVELS 
Ironstone gravel > 60% overlying clay or hard 
ironstone at varying depths.  Occurs generally 
on hill crests and upper slopes 
• High groundwater recharge if cleared. 
• Sandy topsoils are moderately susceptible to 
subsurface acidification, traffic and plough 
pans. 
• Mild wind and water erosion on exposed 
sites where ground cover is < 50%. 
• Low soil water storage 
• May be susceptible to water repellence 
Soil management 
• Liming may be necessary; regular monitoring of soil pH levels is advised. 
• Maintenance of active growing plants is important here to prevent rapid drainage of 
soil water to below the root zone, contributing to problems lower in the landscape. 
• Cultivation should be carried out on the contour to reduce erosion risks and improve 
water conservation for crops.   
• Minimum tillage or no-till is encouraged to reduce the incidence of traffic and plough 
pans, improving soil structure, and maintaining soil organic matter.  It may be worth 
examining deep cultivation to overcome current compaction problems. 
• Practice stubble retention or aim to maintain >50% ground cover to control risk of 
wind and water erosion. 
Cropping/pasture options 
• Crops suitable to this soil type include wheat, barley, lupins and canola (they will do 
okay on shallow gravels, though prefer deeper loamy and sandy phases).  On the 
shallow gravels feed barley is more suitable than malting barley. 
• Oats are only suitable on the gravels with deep loamy and sandy phases. 
• Pasture options include annual clovers, serradellas and Casbah biserrula mixes. 
Revegetation and tree planting options 
• Direct-seed native species − scalp areas with grader, scraper or Chatfield. 
• Farm forestry species (eucalypt sawlogs) in four row belts (max. 30 m wide) − plant 
an extra row of hardy shrubs to maintain windbreak value (see Mallett hills). 
• Oil mallee alleys − unfenced 4 or 8 row belts. 
• Fence off remnant vegetation and allow to regenerate. 
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Land Management Unit Water and soil problems Management options 
RED SOILS AND DYKES 
Reddish brown sandy loam over clay or 
grading to clay at 10-20 cm (red loam); red or 
reddish brown clay loam over red clay at <10 
cm or grading to red clay at depth (red clay).  
Seen mainly on slopes and ridges, and is often 
associated with dolerite dykes. 
• Low to moderate groundwater recharge. 
• Hillside seeps may occur on or near these 
soils as they are formed on dolerite dykes. 
• Low risk of waterlogging.  Lighter soils 
upslope from this LMU may exhibit 
waterlogging due to the heavier red soils 
acting as a textural barrier to lateral water 
movement. 
• Moderately susceptible to water erosion and 
decline of topsoil structure. 
• Surface and subsurface soils may be 
alkaline and unsuitable for some crops and 
pastures, and may exhibit nutrient toxicity 
and deficiencies. 
Soil management 
• Cropping operations should occur on the contour and minimum tillage or no-till 
operations and stubble retention should be considered to aid in improvement of soil 
structure. 
• Reduction of traffic in paddocks and avoidance of traffic movement when soil is wet 
minimises soil compaction. 
Cropping/pasture options 
• Phase cropping with lucerne. 
• Highly suitable for wheat, oats, barley and canola. 
• Where pH is alkaline, also suitable for faba beans, field peas, chick peas and lentils. 
• Pasture options include annual sub. clovers, Casbah biserrula, and in the wetter 
areas, balansa clover.  Medics are an option in alkaline areas. 
Recharge reduction and surface water control 
• Lucerne. 
Revegetation and tree planting options 
• Hillside seepage areas may become saline with barley grass appearing.  Tall wheat 
grass and balansa clover may increase the grazing value. 
• Belts of revegetation 20-30 m wide below grade banks or interceptors.  Can be: 
• Farm forestry species (eucalypt sawlogs) in four row belts − plant an extra row of 
hardy shrubs to maintain windbreak value (E. cladocalyx, E. loxophleba ssp. 
loxophleba, E. occidentalis, E. tricarpa, E. astringens, Allocasuarina huegeliana). 
• Native species − hosts for sandalwood production − direct seed or seedlings. 
• Oil mallee alleys − 4 or 8 row belts (unfenced). 
• Fence large areas of remnant vegetation and allow to regenerate. 
• Rip into clay layer to assist root penetration of seedlings. 
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Land Management Unit Water and soil problems Management options 
POORLY DRAINED SANDY DUPLEX SOILS 
Sand or sandy loam over clay at 10-80 cm; clay 
may be blue/grey in colour or very mottled; very 
wet in winter months.  Generally occurs on 
lower slopes and footslopes, and larger 
drainage lines. 
• Moderate groundwater recharge, highest 
where water ponds. 
• High risk of salinity developing usually along 
drainage lines and ponded areas. 
• Moderate waterlogging risk.  Waterlogging is 
the major limitation in this area. 
• Highly susceptible to subsurface 
acidification. 
• Moderately susceptible to wind and water 
erosion, traffic and plough pans.  
Soil management 
• Liming may be necessary to ensure good establishment of lucerne, and to enable 
good growth of pastures.  Regular monitoring of surface (0-10 cm) and subsurface 
(10-20 cm) pH is advised. 
• Reduction of traffic in paddocks and avoidance of traffic movement when soil is wet 
minimises soil compaction risk. 
• Minimum tillage and no-till operations will aid in reducing erosion and compaction 
problems in paddocks susceptible to these, improving soil structure and maintaining 
levels of soil organic matter. 
• Practice stubble retention or aim to maintain >50% ground cover to control risk of 
wind and water erosion. 
Cropping/pasture options 
• Highly suitable for oats, and where waterlogging is not a problem, barley and canola. 
• Suitable for wheat and lupins (pH acid to neutral), and faba beans and field peas 
where pH is alkaline. 
• Summer crops. 
• Pasture options include annual sub. clovers and serradella/Casbah biserrula 
mixtures.  Medics suitable on the alkaline soils. 
• In waterlogged, mildly saline areas tall wheat grass and balansa clover can be 
grown. 
Recharge reduction and surface water control 
• Lucerne on the deeper soil and on areas with low risk of flooding. 
Revegetation and tree planting options 
• Revegetation areas will need to be mounded − aligned parallel to banks. 
• Belts of oil mallees (4 or 8 rows) separated by crop pasture areas (suitable 
machinery width). 
• Windbreaks/shelterbelts of farm forestry species (eucalypt sawlogs) in four row belts 
− plant an extra row of hardy shrubs to maintain windbreak value.  Over 500 mm or 
moisture gaining sites, E. botryoides, E. occidentalis (lerps can be a problem). 
• Fence off remnant vegetation and allow to regenerate. 
• Saline areas - see recommendations for saline soils. 
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Land Management Unit Water and soil problems Management options 
GREY/GREYISH BROWN LOAMS AND 
CLAYS 
Hardsetting grey clay loam and clay.  
Grey/greyish brown loamy surface layers over 
clay at <30 cm, or clay at surface.  These soils 
mainly occur on lower slopes and broad valley 
floors.  
• Moderate groundwater recharge, highest 
where water ponds. 
• Salinity may develop on valley floors and 
drainage lines with shallow watertables, or 
on ponded areas, or as hillside seeps. 
• Moderate to high risk of waterlogging and 
inundation, highest on flats and low-lying 
areas. 
• Moderately susceptible to topsoil structure 
decline. 
Soil management 
• Green manuring of a high legume percentage pasture or a legume crop such as 
lentils or peas may improve organic matter content and soil structure and aid in 
improving yields. 
• Minimum tillage or no-till practices are preferred to maintain soil structure. 
• Adding gypsum may help improve soil structure and increase productivity.  
Investigate with a gypsum test and test strips first. 
• Avoid working the soil when excessively wet. 
• Activities which result in rapid loss of organic matter, such as long fallowing in a crop 
rotation and stubble burning, should also be avoided. 
Cropping/pasture options 
• Highly suitable for wheat, oats and barley (oats will be the better option in wet years). 
• Suitable for canola, faba beans, field peas, chickpeas and potentially lentils. 
• Pasture options include medics and in wet areas Persian and balansa clover. 
• Where soils are sodic tall wheat grass and balansa clover pasture is a good option.  
If it must be cropped, barley then wheat will do better than oats and legumes but 
yields will still be significantly reduced on these soils. 
RECHARGE REDUCTION AND SURFACE WATER CONTROL 
• Raised beds can improve surface drainage. 
Revegetation and tree planting options 
• Saline areas with barley grass can grow tall wheat grass and balansa clover mix. 
• Tall fescue does well in waterlogged and flooded conditions. 
• Belts of oil mallees (4 or 8 rows) below banks, separated by crop pasture areas 
(suitable machinery width). 
• Fence off remnant vegetation/swamps and allow to regenerate, plant a buffer of 
suitable native/farm forestry species. 
• Saline areas − see recommendations for saline soils. 
• Eucalypt sawlogs − Eucalyptus occidentalis (provenance important), contact farm 
forestry officer. 
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Land Management Unit Water and soil problems Management options 
SALT-AFFECTED LAND 
A range of soils is affected by salt.  They are 
usually waterlogged and may be subject to 
flooding.  It is usually seen on valley floors and 
drainage lines, and occasionally on hillsides as 
saline hillside seeps. 
• Mainly groundwater discharge but recharge 
may occur during winter. 
• Presently saline. 
• Very high risk of waterlogging and 
inundation. 
• Highly susceptible to serious water erosion 
problems (gully and rill), particularly along 
saline drainage lines. 
Soil management 
• Where possible, fence affected area to protect from compaction and erosion by stock 
and traffic. 
• Maintenance of ground cover to reduce risk of water erosion is recommended. 
Cropping/pasture options 
• Not suitable for cropping. 
• Perennials such as tall wheat grass and tall fescue. 
• Salt and waterlogging tolerant perennials such as tall wheat grass, tall fescue and 
puccinellia are suitable. 
• Perennial shrubs such as bluebush (tolerates salinity and short periods of 
waterlogging), saltbush (tolerates salinity and waterlogging) and samphire (highly 
tolerant to salinity and waterlogging). 
Revegetation and tree planting options 
• All revegetation areas should be mounded at 0.5-1% slope to reduce waterlogging − 
mounds with a distinct 'V' work best. 
• Belts or rows of trees should complement surface water control and be planned once 
surface drains have been marked. 
• Mild saline areas − 4 row belts of tolerant oil mallees, with tolerant pasture species 
(balansa etc) sown between − maintain grazing. 
• Single rows of saltbush species (direct seeded or seedlings), separated by alleys of 
saltland pastures − managed for fodder. 
• Fence off creeks, waterways and adjacent bare/eroded areas.  Allow regeneration of 
rushes, samphires, paperbarks and/or revegetate with tolerant native 
species/saltbushes − not grazed. 
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Land Management Unit Water and soil problems Management options 
DEEP SANDS 
Pale grey, white or yellow sands deeper than 
80 cm.  Gravel (< 20%) may be present 
through profile.  Generally seen on mid to lower 
slopes. 
• High groundwater recharge. 
• High risk of wind erosion on exposed crests 
and upper slopes, otherwise the risk is 
moderate. 
• These soils are very highly leached, do not 
retain nutrients, and are highly prone to 
subsurface acidification. 
• Moderately susceptible to water erosion, 
inundation on flats, traffic and plough pans. 
• Water erosion is a high risk on exposed 
upper slopes. 
• Sandy soils may display water repellence 
• Soil water storage is generally low 
Soil management 
• Practice stubble retention or maintain approximately 50% ground cover to control 
wind and water erosion, and maintain soil organic matter. 
• Liming is likely to be uneconomical due to the characteristically low productivity of 
this soil. 
Cropping/pasture options 
• Suitable for wheat, barley and lupins.  Stubble retention will protect seedlings from 
wind erosion. 
• Lucerne with annual pasture to minimise soil erosion. 
• Veldt grass and serradella mix.  Also an annual sub. clover and Casbah biserrula 
mix. 
Revegetation and tree planting options 
•  Maratime pine plantation over entire area. 
• Plots of tagasaste planted in rows 3-6 m apart − manage as fodder for cattle (will 
need to be cut for sheep) Acacia saligna can be direct seeded, but as a fodder is 
questionable value. 
• Some pastures (e.g. serradella) may be sown between rows if wide enough. 
• Fence off low production areas and remnant vegetation, allow regeneration or plant 
suitable banksia, acacia species. 
• Seedlings usually grow best on deep sands, plant as early as possible. 
• Ripping is recommended, mounding is not.  Scalping a narrow area may remove 
non-wetting layer. 
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Land Management Unit Water and soil problems Management options 
ROCK OUTCROPS 
Includes outcrops of granite, dolerite and hard 
ironstone.  Generally seen on ridges, and mid 
to upper slopes. 
• Very high recharge through soil at the edge 
of outcrops. 
• Variable recharge can occur through 
fractures in the rock. 
• Hillside seeps can develop where outcrops 
force saline groundwater to the surface. 
• Outcrops may shed water resulting in water 
erosion downslope. 
Surface water control 
• Grade banks below a water shedding areas can alleviate erosion problems.  
Absorption banks can be used where no safe disposal point can be located, as a last 
resort due to the increased recharge risk. 
• Larger granite rocks can be a good run-off source for dams. 
Revegetation and tree planting options 
• Native vegetation is most suitable. 
• Fence off and allow any existing vegetation to regenerate. 
• Sandalwood plantation -  hosts required. 
• Revegetate with a mixture of native species around the rock areas − direct seed 
sandalwood after hosts are established. 
• Use direct seeding or seedlings as a method of establishing a buffer zone and extra 
habitat around these important nature conservation areas. 
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4.2 Water management 
4.2.1 Salinity management 
Ruhi Ferdowsian, Senior Hydrologist, Albany 
The cause of salinity is excessive recharge under traditional dryland (non-irrigated) 
agriculture, leading to rising levels of naturally saline groundwater.  As water levels come 
close to the surface saline groundwater will discharge causing soil salinity and contaminating 
water resources.  The impact of salinity increases where it is combined with waterlogging.  A 
waterlogged landscape has higher recharge than non-waterlogged areas.  Thus salinity 
control measures may be combined with appropriate earthworks to reduce waterlogging. 
The best management option for recovery or containment is to grow deep-rooted perennials, 
such as lucerne, to reduce recharge and lower groundwater levels.  The effectiveness of 
salinity control measures is dependant on hydrological attributes of the landscape. 
4.2.1.1 Technical feasibility of salinity management in dissected landscape 
Since the groundwater gradient is high, there is some drainage towards discharge areas.  
Under these conditions there is a good chance of recovering some saline land and excellent 
technical feasibility of preventing further spread.  Deep-rooted perennials such as lucerne, 
that mimic the temporal and spatial distribution of leaf area that existed prior to clearing can 
effectively reduce land and water salinity.  In dissected undulating landscapes with a local 
groundwater flow system, two years of cropping is possible for every year of lucerne. 
4.2.1.2 Technical feasibility of salinity management in moderately dissected 
undulating areas 
In moderately dissected areas, it is possible to contain salt-affected areas or even recover 
some areas.  The best management option for recovery or containment is to grow deep-
rooted perennials such as lucerne, and although research has shown that lucerne is not as 
effective as in the dissected landscapes, it will still reverse (in hilly areas) or halt (in lower 
slopes) the rising trend of groundwater.  To contain salinity, one year of lucerne may be 
required to negate the effects of 1 to 1.5 years of cropping.  Figure 4.1 shows the impact of 
lucerne in moderately dissected landscape of the Ongerup Priority Subcatchment. 
Impact of lucerne on groundwater level changes
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Figure 4.1. Groundwater levels had significant drop after June 2000 when lucerne was planted in the 
area. 
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4.2.1.3 Technical feasibility of salinity management in very gently undulating 
areas with stagnant flats and swampy floors 
Leakage of excess rainfall followed by evaporation from the soil surface causes saline 
watertable to fluctuate and occasionally inundate the root zone of plants.  Under these 
conditions there is a low technical feasibility of recovering saline land by growing perennials 
in stagnant flats.  However, there is a moderate chance of containing salinity by reducing 
recharge with perennials, and an excellent opportunity to adapt to salinity using saltland 
agronomy techniques in conjunction with enhanced surface drainage. 
Research results indicate that lucerne causes a limited groundwater level reduction in the 
broad stagnant flats and ancient drainage areas (Ferdowsian et al. 2002).  The low rate of 
groundwater level reduction in these hydrological landscapes may be due to two factors: 
• Limited lateral movement of groundwater 
• Inability of lucerne to use saline groundwater. 
In these landscapes, up to two years of lucerne may be required to negate the effects of one 
year of cropping.  It is important to note that lucerne is likely to be more effective in reducing 
groundwater levels prior to levels reaching the soil surface. 
4.2.2 Surface water management 
Ben Whitfield, Hydrologist, Albany 
4.2.2.1 Objectives 
There are many land management options that can be used for surface water control before 
it contributes to erosion, eutrophication, sedimentation, waterlogging, flooding, and salinity.  
Conservation land management options are employed to provide the best conditions for 
plants to utilise water so as to minimise run-off and then manage the excess run-off into 
dams and waterways.  Earthworks alone will not prevent land and water degradation but they 
are very effective when properly designed and used in conjunction with other conservation 
farming strategies. 
Water management in the Upper Pallinup area should focus on removing excess water in the 
landscape (whether above or below ground), by the application of structural, vegetative and 
land management measures.  This will aid in addressing the following issues: 
• Water erosion on slopes of 3 per cent or greater, below and above constrictions to 
water movement, and in dispersive and slaking soils. 
• Inundation and waterlogging on the lower slopes of sandy and loamy duplex soils. 
• Waterlogging and salinity on the broad valley floors. 
• Waterlogging below hillside seep areas. 
• Restricted or impeded water movement above and below road crossings and other flow 
constrictions.  
• Improving current farm water supplies. 
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4.2.2.2 Integrated land and water management 
The main conservation land management options which may be used by farmers to reduce 
degradation risks and improve production and sustainability are: 
• Increase and maintain vegetative cover to use the water and protect the soil from direct 
raindrop impact and to slow down surface water flow.  This can be achieved by 
incorporating perennial vegetation, controlled grazing of pastures to maintain good 
coverage and maximising stubble retention. 
• Working land along the contour to contain surface water in the furrows. 
• Adopting minimum-tillage or no-tillage cropping techniques to reduce soil structure 
decline.  These techniques are currently employed in the catchment. 
• Soil improvement techniques, e.g. liming to maximise vegetative cover. 
• Appropriately designed conservation earthworks including permanently grassed 
waterways to slow water velocity whilst providing maximum drainage of all areas. 
Where the slope and soil characteristics encourage water to run off the land (shedding 
landscape), earthworks can reduce the velocity and volume (peak flow) of surface water 
flows by diverting or retaining.  Conservation earthworks in the shedding landscape minimise 
the risk of soil erosion and associated loss of nutrients, provide water resources and help to 
manage the excess of water entering the lower slope areas. 
Where there is little slope, water flows from a shedding landscape and accumulates in the 
low-lying areas (receiving landscape).  The receiving landscape is, therefore prone to 
waterlogging, ponding and flooding.  Excess water in receiving landscapes is a major 
contributor to groundwater recharge and development of salinity and waterlogging.  
Earthworks in receiving parts of the landscape are designed to improve flat land drainage by 
moving surface and shallow subsurface water away, at a safe velocity, to defined waterways. 
4.2.2.3 Earthwork design 
Earthworks require careful planning because inappropriate and poor designs can cause 
more degradation.  Suitably qualified people need to be consulted for the legal aspects, 
design and construction of earthworks.  The following points need to be addressed: 
• Land assessment:  Information on soil condition, vegetation cover, catchment area, 
annual average rainfall and slope is used to calculate maximum flows, safe grades and 
safe velocity.  
• The Annual Recurrence Interval (ARI):  Is the frequency an earthwork is designed to 
operate at full capacity.  Important earthworks such as dams, waterways and 
absorption banks are designed for at least a 20-year ARI.  The minimum design of 
most drains and banks is a 10-year ARI (Bligh 1989).  
• Legal aspects:  There are legal aspects that must be considered before earthworks 
are constructed.  Diversion of flows, increasing flow velocities or increasing quantity of 
flow, could cause damage to neighbouring properties for which the drainage proponent 
may be responsible (Keen 1998).  Catchment planning and discussing planned 
earthworks with potentially affected neighbours is recommended. 
After defining the problem and carrying out land assessment, the type and design of 
earthwork is selected.  The design criterion for earthworks commonly used in WA is listed in 
Table 4.3, with the typical landscape locations shown in Figure 4.2. 
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Table 4.3. Design criterion for common surface water earthworks used in WA 
Earthwork design Land slope (%) Soil type Grade (%) Landscape position 
Grade bank ≤ 10 SD/L 0.2 – 0.5 Upper and mid-slope 
Seepage interception bank ≤ 6 SD/DD/S 0.2 – 1.0 Lower and mid-slope 
Broad based banks 2 – 6 SD/L 0.15 – 0.3 Upper, mid- and lower slope 
Shallow relief drains ≤ 0.2 C/SD ≤ 0.2 Valley floor 
Levee waterways ≤ 10 C/S/DD/SD ≤ 10 Valley floors and hillslope 
Dams ≤ 10 C/SD/DD/L ≤ 10 Not in valley watercourse 
Key to soil types: 
C – Clay G – Gravel L – Loam 
S – Sand SD – Shallow Duplex DD – Deep Duplex 
 
Figure 4.2. Landscape cross-section indicating position of different earthworks. 
4.3 Native vegetation management 
Deon Utber, Regional Biodiversity Facilitator, Department of Environment and Conservation 
Management options for terrestrial biodiversity protection and management generally relate 
to protection of remnant vegetation and revegetation of local provenance species. 
The type of protection remnant vegetation requires depends on the threatening process that 
is actively impacting on it.  In many of cases, grazing is a primary impact affecting highly 
fragmented and clear areas of remnant vegetation.  Grazing takes out lower storey 
vegetation and low branches of the upper storey.  This leads to a reduction in biomass, 
species composition, degradation of structural diversity, compaction of topsoil and 
degradation of vital micro-organisms that fulfil nutrient recycling services within the soil.  A 
common practice to remove grazing impacts is to fence the perimeter of remnant vegetation 
to exclude domestic herbivores. 
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Other threatening processes are not so easily mitigated through fences.  Weed invasion is 
common in remnants that have been degraded.  Mitigating the impacts of weeds can involve 
physical removal (by hand or mechanical means), chemical control and revegetation of areas 
where weeds have been removed.  Chemical control of weeds needs to be undertaken 
carefully so that the chemical used does not impact severely on the native vegetation.  Weed 
control is a long-term commitment to ensure that weed seed banks and reinvasion do not re-
establish the weed burden. 
Fragmentation is the result of historical clearing for agriculture leaving small, often isolated 
patches of remnant vegetation in the landscape.  The resulting impact is the inability of fauna 
to move to areas to use new biological resources (food, habitat, refuge).  The vegetation 
(and some fauna) in smaller remnants also suffer from genetic inbreeding because of a lack 
of pollinators to transport pollen of a differing genetic type.  Management options that attempt 
to rectify this include increasing landscape connectivity of remnant vegetation through 
revegetation.  This can be through corridors and/or revegetation islands that act as stepping 
stones reducing the distance between isolated remnants.  
A large body of research and management practice (in both the eastern States and WA) has 
been conducted based on the principles of increased landscape connectivity to improve 
biodiversity conservation and sustainability.  For example focal species research has used 
movement sensitive bird, mammal and reptile species to determine the minimum thresholds 
for remnant size and shape as well as distance between remnants as a tool for landscape 
design in agricultural areas (see Hugget et al. 2004, Short and Parsons 2004). 
Assistance in planning and implementing some of the above management options is 
available through organisations such as: 
• Greening Australia (www.greeningaustralia.org.au/GA/WA) 
• Department of Environment and Conservation (www.naturebase.net) through its Land 
for Wildlife and Bushland Benefits programs 
• South Coast NRM (www.script.asn.au) Biodiversity Implementation Officers. 
Funding programs that provide incentives to implement works for biodiversity conservation 
include: 
• Envirofunds (www.nht.gov.au/envirofund/index.html)  
• Southern Incentives (www.script.asn.au). 
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APPENDIX 1:  DISTRIBUTION OF SOIL-LANDSCAPE SYSTEMS 
N
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APPENDIX 2:  DESCRIPTION OF MINOR SOIL-LANDSCAPE SYSTEMS 
Jerramungup System 
243Jm_1 
(7,347 ha, 2.30%) 
Level to only very gently inclined, often poorly drained, plain 0-3% gradient <9 m 
relief.  Dominantly grey shallow sandy and loamy duplex soils with occasional grey 
non-cracking clay. 
Tieline System 
250Tn_2 
(6,264 ha, 1.96%) 
Very gently undulating slopes with grey sandy duplex soils and alkaline grey 
shallow sandy and loamy duplex soils with hardsetting topsoils and sodic clay 
subsoils. 
North Stirlings System 
248_Nt_2 
(6,090 ha, 1.96%) 
Lower slopes above the basin floor.  Grey deep sandy duplex and alkaline grey 
shallow sandy duplex with alkaline grey deep sandy duplex. 
Kokarinup System 
241Kb_2 
(6,090 ha, 1.91%) 
Gently undulating valley slopes that have been covered in some parts by 
moderately deep sand sheets.  Alkaline grey deep sandy duplex with pale deep 
sand, grey deep sandy duplex and red shallow loamy duplex. 
Stirling Range System 
248St_3 
(5,375 ha, 1.68%) 
Undulating rises and low hills of the Stirling Range foothills, with many lateritic 
soils.  Grey deep sandy duplex with shallow gravel and stony soil. 
Pingrup System 
250Pg_5 
(3,997 ha, 1.25%) 
Non-saline lakes, swamps and open depressions and lunettes on their eastern 
sides.  Wet soils, pale deep sands and grey duplex soils. 
Upper Gairdner System 
243Ug_4 
(3,871 ha, 1.21%) 
Level to gently undulating plain with strong dissection and nesting of dolerite 
dykes. 
Mabinup System 
241Mb_4 
(3,535 ha, 1.11%) 
Wide saline valley floors of Mabinup and Six Mile Creeks.  Mainly saline wet with 
salt lake soil. 
Lower Pallinup System 
242Lp_1 
(2,293 ha, 0.72%) 
Siltstone and laterite breakaway areas at the top of the valley slope.  The soils are 
commonly shallow and deep sandy duplex, and gravelly duplex with some deep 
sandsheets and sand dunes. 
Newdegate System 
250Nw_2 
(1,795 ha, 0.56%) 
Lower to upper slopes, broad crests and upland plains.  Soils are mainly grey and 
yellow/brown sandy duplex soils, often alkaline with hardsetting surfaces, and 
duplex sandy gravels. 
Nyabing System 
250Ny_3 
(642 ha, 0.20%) 
Lower to upper slopes and crests associated with shallow granitic rock.  Alkaline 
grey shallow sandy loamy duplex soils, rock outcrop, alkaline red shallow loamy 
duplex soils and grey non-cracking clays. 
Yarmarlup System 
243Ya_3 
(15 ha, 0.005%) 
Gently undulating gravelly and sandy rises. 
Chillinup System 
242Ch_1 
(5 ha, 0.002%) 
Level sandy and gravelly sandplain with swamps and several small closed 
depressions.  Waterlogging is prominent over this landscape.  Grey deep sandy 
duplex and grey shallow sandy duplex with pale deep sand and duplex sandy 
gravel. 
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APPENDIX 3:  DISTRIBUTION OF SOIL GROUPS 
Soil group Area (ha) Area (%) 
Grey deep sandy duplex 40,500 12.7 
Alkaline grey shallow sandy duplex 37,500 11.8 
Grey shallow sandy duplex 37,200 11.6 
Alkaline grey shallow loamy duplex 26,300 8.3 
Duplex sandy gravel 19,200 6.0 
Pale deep sand 13,300 4.2 
Alkaline grey deep sandy duplex 13,000 4.0 
Saline wet soil 12,800 4.0 
Bare rock 10,300 3.2 
Grey shallow loamy duplex 9,700 3.1 
Alkaline red shallow loamy duplex 9,200 2.9 
Yellow/brown shallow sandy duplex 8,700 2.7 
Shallow gravel 8,200 2.6 
Yellow/brown deep sandy duplex 7,600 2.4 
Red shallow sandy duplex 6,300 2.0 
Yellow/brown shallow loamy duplex 5,900 1.9 
Red/brown non-cracking clay 5,600 1.7 
Hard cracking clay 5,200 1.6 
Red shallow loamy duplex 4,000 1.3 
Stony soil 3,500 1.1 
Deep sandy gravel 3,400 1.1 
Loamy gravel 3,400 1.1 
Wet soil 3,300 1.0 
Grey non-cracking clay 3,200 1.0 
Brown deep sand 3,100 1.0 
Salt lake soil 2,900 0.9 
Red deep sandy duplex 2,800 0.9 
Calcareous loamy earth 2,500 0.8 
Acid shallow duplex 2,400 0.7 
Semi-wet soil 1,600 0.5 
Red deep loamy duplex 1,300 0.4 
Pale shallow sand 1,200 0.4 
Self-mulching cracking clay 1,000 0.3 
Loamy earths supergroup 1,000 0.2 
Brown sandy earth 1,000 0.2 
Yellow deep sand 500 0.2 
Brown loamy earth 500 0.1 
Gravelly pale deep sand < 500 0.1 
Yellow/brown shallow sand < 500 0.1 
Friable red/brown loamy earth < 200 0.1 
Yellow sandy earth < 100 < 0.1 
Sandy earths supergroup < 100 < 0.1 
Red loamy earth < 100 < 0.1 
No suitable group < 100 < 0.1 
Undifferentiated soils < 100 < 0.1 
Ironstone gravelly soils supergroup < 100 < 0.1 
Total 319,164 100 
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APPENDIX 4:  SLOPE MAP OF UPPER PALLINUP STUDY AREA 
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APPENDIX 5:  CONSERVATION CODES  
(Declared Rare and Priority Flora)  
DRF:  Declared Rare Flora – Extant Taxa 
Taxa which have been adequately searched for and are deemed to be in the wild either rare, 
in danger of extinction, or otherwise in need of special protection, and have been gazetted as 
such. 
P1:  Priority One – Poorly Known Taxa 
Taxa that are known from one or a few (generally less than five) populations, which are 
under threat, either due to small population size, or being on lands under immediate threat, 
e.g. road verges, urban areas, farmland, active mineral leases, or the plants are under threat, 
e.g. from disease, grazing by feral animals.  May include taxa with threatened populations on 
protected lands.  Such taxa are under consideration for declaration as ‘rare flora’, but are in 
urgent need of further survey. 
P2:  Priority Two – Poorly Known Taxa 
Taxa which are known from one or a few (generally less than five) populations, at least some 
of which are not believed to be under immediate threat (i.e. not currently endangered).  Such 
taxa are under consideration for declaration as ‘rare flora’, but are in urgent need of further 
survey. 
P3:  Priority Three – Poorly Known Taxa 
Taxa that are known from several populations, and the taxa are believed to be not under 
immediate threat (i.e. not currently endangered), either due to the number of known 
populations (generally more than five), or known populations being large, and either 
widespread or protected.  Such taxa are under consideration for declaration as ‘rare flora’, 
but are in need of further survey. 
P4:  Priority Four – Rare Taxa 
Taxa which are considered to have been adequately surveyed and which, while being rare 
(in Australia), are not currently threatened by any identifiable factors.  These taxa require 
monitoring every 5-10 years. 
Note:  The need for further survey of poorly known taxa is prioritised into the three categories 
depending on the perceived urgency for determining the conservation status of those taxa, 
as indicated by the apparent degree of threat to the taxa on the current information. 
(Threatened Fauna) 
CRITICALLY ENDANGERED (CR) 
A taxon is Critically Endangered when the best available evidence indicates that it meets any 
of the criteria A to E for Critically Endangered (see IUCN Red List Categories and Criteria 
Version 3.1 Section V), and it is therefore considered to be facing an extremely high risk of 
extinction in the wild.  
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ENDANGERED (EN) 
A taxon is Endangered when the best available evidence indicates that it meets any of the 
criteria A to E for Endangered (see IUCN Red List Categories and Criteria Version 3.1 
Section V), and it is therefore considered to be facing a very high risk of extinction in the wild.  
VULNERABLE (VU)  
A taxon is Vulnerable when the best available evidence indicates that it meets any of the 
criteria A to E for Vulnerable (see IUCN Red List Categories and Criteria Version 3.1 
Section V), and it is therefore considered to be facing a high risk of extinction in the wild. 
CONSERVATION DEPENDENT 
Species or lower taxa which were dependent on conservation efforts to prevent the taxon 
becoming threatened with extinction 
PRIORITY FAUNA CODES: 
Priority One:  Taxa with few, poorly known populations on threatened lands.  ’Taxa which 
are known from few specimens or sight records from one or a few localities on lands not 
managed for conservation, e.g. agricultural or pastoral lands, urban areas, active mineral 
leases.  The taxon needs urgent survey and evaluation of conservation status before 
consideration can be given to declaration as threatened fauna.’ 
Priority Two:  Taxa with few, poorly known populations on conservation lands.  ‘Taxa which 
are known from few specimens or sight records from one or a few localities on lands not 
under immediate threat of habitat destruction or degradation, e.g. national parks, 
conservation parks, nature reserves, State forest, vacant Crown land, water reserves, etc.  
The taxon needs urgent survey and evaluation of conservation status before consideration 
can be given to declaration as threatened fauna.’ 
Priority Three:  Taxa with several, poorly known populations, some on conservation lands.  
‘Taxa which are known from few specimens or sight records from several localities, some of 
which are on lands not under immediate threat of habitat destruction or degradation.  The 
taxon needs urgent survey and evaluation of conservation status before consideration can be 
given to declaration as threatened fauna.’ 
Priority Four:  Taxa in need of monitoring.  ‘Taxa which are considered to have been 
adequately surveyed, or for which sufficient knowledge is available, and which are 
considered not currently threatened or in need of special protection, but could be if present 
circumstances change.  These taxa are usually represented on conservation lands.’ 
Priority Five:  Taxa in need of monitoring.  ‘Taxa which are not considered threatened but 
are subject to a specific conservation program, the cessation of which would result in the 
species becoming threatened within five years.’ 
